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Kinins are important mediators in cardiovascular homeostasis. 
Inflammation, and nociception. Two kinin receptors have been 
described, B1 and B2. The 82 receptor is constltutively expressed, 
and Its targeted disruption leads to salt-sensitive hypertension and 
altered nociception. The 81 receptor Is a heptahelical receptor 
distinct from the 82 receptor in that It Is highly Inducible by 
Inflammatory mediators such as bacterial llpopolysaccharlde and 
Interleukins. To clarify its physiological function, we have gener- 
ated mice with a targeted deletion of the gene for the 81 receptor. 
81 receptor-deficient animals are healthy, fertile, and normoten- 
sive. In these mice, bacterial lipopolysaccharide-induced hypoten- 
sion is blunted, and there is a reduced accumulation of polymor- 
phonuclear leukocytes in inflamed tissue. Moreover, under normal 
non inflamed conditions, they are analgesic in behavioral tests of 
chemical and thermal nociception. Using whole-cell patch-damp 
recordings, we show that the 81 receptor was not necessary for 
regulating the noxious heat sensitivity of isolated nociceptors. 
However, by using an in vitro preparation, we could show that 
functional B1 receptors are present In the spinal cord, and their 
activation can facilitate a nociceptive reflex. Furthermore. In 81 
receptor-deficient mice, we observed a reduction in the activity- 
dependent facilitation (wind-up) of a nociceptive spinal reflex. 
Thus, the kinin 81 receptor plays an essential physiological role In 
the initiation of inflammatory responses and the modulation of 
spinal cord plasticity that underlies the central component of pain. 
The 81 receptor therefore represents a useful pharmacological 
target especially for the treatment of inflammatory disorders and 
pain. 

Diseases of the cardiovascular system as well as inflammatory 
disea.se.s that often lead to pain are of increasing importance 
for health care in aging populations. Kinins have been known for 
some time to be important mediators of cardiovascular ho- 
meostasis, inflammation, and nociception (I). They are probably 
the first mediators released in injured tissue from kininogcns 
either by plasma kallikrein, which is activated early in the 
coagulation cascade, or tissue kallikrein, which is activated by 
proteases released at injured sites. Surprisingly, the therapeutic 
value of intervention in the kallikrein-kinin system has not been 
fully explored. The two known receptors for kinins, Bl and B2, 
might be suitable pharmacological targets to treat chronic 
inflammatory and cardiova.scular diseases. The B2 receptor 
binds the major effector peptide of the kallikrein-kinin system, 
which Ls bradykinin (BK) in rodents and kullidin in humans. 
Deletion of the B2 receptor in mice leads to salt-sensitive 
hypertension and altered nociception (2-4). Like the B2 recep- 
tor, the Bl receptor is a heptahelical receptor, but unlike B2 
receptors, it is not widely expressed in normal tissue hut is highly 
inducible by inriammatory mediators like bacterial lipopolysac- 
eharide (LPS) and cytokines and does not desensitize after 
agonist binding (5-9), Agonists for the Bl receptor are derived 
from BK and kallidin by carboxypeplidase action, generating 



des-Arg'-BK and des-Arg*°-kaIlidin, respectively. Using specific 
antagonists, the Bl receptor has been implicated in nociception 
and the accumulation of leukocytes in inflamed tissue (3, 5, 10). 
However, despite the detection of mRNAfor the Bl receptor in 
dorsal root ganglia, its role in pain transmission has remained 
elusive (11). To clarify the functions of the Bl receptor, we have 
cloned the murine Bl-receptor gene (12) and generated mice 
lacking this protein by using gene targeting technology. In 
Bl -deficient mice, the hypotensive response to LPS injection, a 
model for sepsis, was significantly blunted. Furthermore, in 
inflammatory disease models, invasion of polymorphonuclear 
leukocytes (PMN) into inflamed tissue was markedly reduced. 
Bl -deficient mice showed hypoalgesia in two different chemical 
nociception models, and the activity-dependent facilitation of a 
spinal nociceptive reflex evoked by electrical stimulation of 
afferent nociceptive fibers was reduced. 

Materials and Methods 

Disruption of the Kinin Bl-Receptor Gene. The Bl-receptor gene was 
cloned from a genomic library of 129/SvJ mice in AFIXII (12). 
The targeting vector was generated by flanking the neomycin- 
resistance gene with a 1.0-kb genomic fragment 5' of the 
Bl-coding region and a 7.0-kb fragment 3' of the Bl-coding 
region. For negative selection, the HSV-tk gene was inserted into 
the 5'polylinker. The construct was linearized with Notl and 
transfected into E14-1 embryonic stem cells by electroporation 
as described (13). Gancyclovir- and G418-resistant clones were 
selected and identified by PGR. Two positive clones were 
microinjected into C57BL/6 blastocysts, which gave rise to two 
germ-line chimeras with offspring heterozygous for the targeted 
mutation. Transmission of the mutant allele was determined by 
Southern blot analysis of tail DNA. Bl-deficient mice were 
established by mating the heterozygotes. 

Receptor Expression and Function. Bl-receptor, lL-1/3, and jS-actin 
expression was analyzed with the RNase protection assay by 
using the RPAII kit (Ambion, Austin, TX) with total RNA (50 
/xg) extracted from animals after treatment for 5 h with 10 ^g/kg 
LPS injected intrcivcnously under anesthesia (kctaminc 50 jutg/g 
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and inactin 100 /ug/g i.p.) and control animals receiving saline. 
The three antisense probes used were: (/) a 387-nt RNA tran- 
scribed from a vector containing a PGR fragment of the Bl- 
receptor gene and complementary to 258 nucleotides of the 
native Bl-receptor mRNA; (m) a 497.nt IL-1/3 probe comple- 
mentary to 368 nucleotides of the IL-ip mRNA; and (iii) a 
304-nt RNA complementary to 250 nucleotides of the 0-actin 
mRNA (Ambion). Functionality of HI receptors was determined 
by testing the contractile response of smooth muscle strips 
(stomach, ileum, and uterus) to Bl agonists. Briefly, strips were 
extracted from wild-type and knockout mice and placed in 
oxygenated (95% ©2/5% CO2) Krebs solution (37'C). The strips 
were stretched with a resting tension of 0.5 g. Experiments were 
initiated after an equilibration period of 90-120 min by applying 
submaximal concentrations of kinin agonists. Changes in tension 
were measured with isometric transducers and displayed on a 
polygraph. 

Blood Pressure Measurements. For blood pressure measurements, 
the animals were initially anesthetized with thiobutabarbital 
sodium salt (100 mg/kg) and placed on a heated table to 
maintain body temperature. Cannulas (PEIO) were inserted into 
the carotid artery and exteriorized at the neck of the animal. 
After the animals were allowed to recover, blood pressure and 
heart rate were recorded on a computer system (Technical & 
Scientific Equipment, Bad Homburg, Germany). For blood 
pressure evaluation after LPS shock, the animals were main- 
tained under anesthesia while LPS (250 Mg/kg) was being 
administered intravenously via a femoral vein and blood pres- 
sure was measured in the contralateral femoral artery. 

Acute Inflammatory Responses. Pleurisy was produced by in- 
trapleural injection of 100 /j.1 of carrageenan (1%) or des- 
Arg'^-BK (30 nmol per site) in the right pleural space. Control 
animals received a similar injection of sterile saline. Animals 
received Evans blue (25 mg/kg, 0.2 ml, i.v.) 1 h before the 
experiments. One hour after injection, total fluid exudation was 
measured, and 3 h later the infiltrating leukocytes were differ- 
entiated and counted by means of an optical microscope as 
described (14, 15). 

Responses to Noxious Stimuli. Nonfasted female mice (16 weeks of 
age), housed at 22 ± TC were used. In the formalin test, the 
animals received an intraplantar injection of 20 ^l of 2.5% 
formalin whereas the contralateral paw received the same 
volume of 0.9% NaCI solution. The amount of time spent licking 
the injected paw, between 0 to 5 min (early phase) and 15 to 30 
min (late phase), was determined with a chronometer as de- 
scribed (16). Another group of animals received an intraplantar 
injection of 20 ^1 of cap.saicin .solution (1.6 /xg per paw) or the 
same volume of saline in the contralateral paw. The amount of 
time spent licking the injected paw was recorded with a chro- 
nometer for 5 min (17). In the hot plate test (Ugo Basile, Varesc, 
Italy; DS-37), animals were placed in a 24-cm diameter cylinder 
with the heated surface adjusted to either 52.5. 55.5, or 58.5*C. 
A latency period of 30 s before the first signs of discomfort was 
defined as complete analgesia and the cutoff time used was 30 s. 
In the tail-flick test, a radiant heat tail-flick analgesiometcr was 
used, and the animal responded to a focused inten.sity heat 
stimulus (150 W) by flicking or removing their inflected tail, 
thereby exposing a photocell in the apparatus immediately below 
the tail. 

Whole-Cell Recordings In Isolated Nociceptors. Dorsal root ganglia 
were removed from adult Bl-deficient mice (n = 7) and litter- 
male controls (n = 8), isolated and cultured as described in the 
absence of added growth factors (US). Recordings were made 
within 24 h of i.solation. Whole-cell recordings were made from 



the soma of isolated small-diameter neurons (<26-/xm diameter) 
by using standard procedures and solutions (18). Neurons were 
treated with isolectin B4 (IB4) coupled directly to fluorescein for 
10 min either directly before or after recordings were made. IB4 
staining was visualized with standard FITC filters. Heat-ramp 
stimuli (24-49'*C in 10-15 s) were applied to the cell soma by 
heating the extracellular solution immediately before it entered 
the bath. The criterion for a response was slOO pA inward 
current evoked by heat. 

In Vitro Spinal Cord Experiments. Spinal cords, caudal to midtho- 
racic level, were removed from neonatal (P5-P9) Bl-deficient 
mice (rt = 18) and wild-type controls (n = 15) under urethane 
anesthesia. Cords were hemisected down the midline, placed in 
a Pefspex recording chamber, and superfused at 5 ml/min at 
room temperature with oxygenated modified Krebs solution 
(138 mM NaCl/1.35 mM KCI/21 mM NaHCO3/0.58 mM 
NaH2P04/1.16 mM MgCl2/1.26 mM CaCh/lO mM glucose). • 
Recordings (dc) were made after a 2-h recovery period with a 
close-fitting glass suction electrode attached to the L5 ventral 
root. The L5 dorsal root was stimulated via a glass suction 
electrode at constant current sufficient to activate C-fibers (500 
;tA, 500 jbts), and wind-up was evoked by repetitive stimulation 
at 1 Hz for 20 s (see ref. 19). The A-fiber-mediated component 
of the ventral root potential (VRP) was measured as the maximal 
response to dorsal root stimulation, and C-fiber responses were 
measured as the integrated area of the VRP. Wind-up was 
determined by normalizing the increase in size of the VRP to the 
initial magnitude and expressing it as a percentage increase. 
Des-Arg'-BK was dissolved in Krebs solution (200 nM) and 
recirculated for 20 min. Recordings were made before agonist 
application, immediately after application and at 20-min inter- 
vals during an additional hour of washout with Krebs solution. 

Results 

Generation of Kinin Bl-Receptor Knockout Mice. The mouse kinin 
Bl-receptor gene was cloned (12), and Bl-deficient mice were 
generated by gene-targeting technology (Fig. 1 A and B). Ab- 
sence of the receptor was shown at the mRNA level in several 
tissues that normally express the Bl receptor. Even after induc- 
tion with LPS, which markedly increased Bl mRNA levels in 
normal mice, there was no evidence for Bl-receptor expression 
(Fig. IC). In contrast, induction of IL-1/3 mRNA after LPS was 
normal in mice of both genotypes. Furthermore, the specific Bl 
agonist des-Arg^-BK did not elicit contractile responses in 
smooth muscle tissues, such as ileum (Fig. ID), stomach, and 
uterus (data not shown) or potentiate the synaptically evoked 
VRP in isolated spinal cords from Bl-deficient mice (see below). 

Blood Pressure. Bl-deficient animals are grossly nt)rmal, fertile, 
and normotensive (Fig. 7A). Nevertheless, the hypotensive re- 
sponse to LPS injection is markedly reduced in these mice during 
the first 35 min (Fig. IB). In the later phase of hypotension (>40 
min), there was no longer a significant difference between 
wild-type and Bl-deficient mice (Fig. 2B), 

Inflammation. Intrathoracic injection of carrageenan or the spe- 
cific Bl agonist. des-Arg*'-BK, produces pleurisy with plasma 
extravasation and leukocyte infiltration in normal rodents (14, 
15, 20). As expected, the response to des-Arg*-BK is abolished 
in mice that lack the Bl receptor (Fig. 3A-C). However, in the 
carrageenan-induced pleurisy model, the invasion of PMN is also 
virtually absent in Bl-dcficicnt mice (Fig. 3F), whereas endo- 
thelial pcrmcubilization (Fig. 3D) and mononuclear cell infil- 
tration (Fig. 3£) are preserved. 

Nociception. Kinins exert a critical role in acute pain by acting 
directly on AtV and C-fiber sensory neurons or indirectly by 
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Fig. 4. Responses to thermal (A and 0) and chemical (C and D) noxious 
stimuli. Thermal nociception was tested in the tail-flick C^) and the hot-plate 
test at three different temperatures (8) and chemical nociception by intra- 
dermal injection of formalin (2.5%) (O and capsaicin (1.6 mg) (D) in wild-type 
(+/+ ) and B1-deficient mice (-/-}. Data are means ± SEM and were analyzed 
by analysis of variance followed by bunnetts' test (n = 4-6). *** P< 0.001; **, 
P < 0.01; P < 0.05 compared with +/+ animals. 

which are presumably nociceptors, in Bl receptor-deficient mice. 
Recordings were made from a total of 97 neurons from at least 
7 mice of each genotype. Both the proportions of small-diameter 
sensory neurons exhibiting a heat-activated current and the 



magnitude of these currents were normal in Bl receptor- 
deficient mice (Fig. 5 A—D). The heat responses of nociceptors 
that bind the lectin IB4 and those that do not bind IB4 have been 
shown to differ so that IB4-negative nociceptors exhibit larger 
heat-activated inward currents (18). These differences were still 
present in mice lacking the Bl receptor (Fig. 5D). The normal 
responses of nociceptors to heat in the absence of the Bl 
receptor are consistent with the lack of change in the tail-flick 
latency. 

We wished to test the hypothesis that a change in the spinal 
processing of nociceptive input from the periphery might un- 
derlie the hypoalgesia seen in the hot plate, capsaicin, and 
formalin tests. To do this, we used an in vitro spinal cord 
preparation where the strength and excitability of a spinal reflex 
can be assayed without complicating systemic factors. Electrical 
stimulation (500 ^A, 500 ixs) of the L5 dorsal root (sensory 
afferent fibers) evokes a prolonged reflex response that is 
recorded from the corresponding ventral root. This ventral root 
potential consists of an early peak evoked by rapidly conducting 
A-j8 afferents and a late component activated by unmyelinated 
nociceptive afferent fibers (C-fibers). Application of the specific 
Bl-agonist des-Arg^-BK selectively increased the prolonged 
C-fiber component of the VRP (P < 0.05 paired / test) (Fig. 5F) 
without altering the initial A- fiber response (data not shown) 
(n = 5), suggesting that Bl receptors are present in mouse spinal 
cord and function specifically in nociceptive synaptic pathways. 
Application of des-Arg'-BK to Bl receptor-deficient spinal 
cords (n = 7) never produced an increase in the C-fiber-evoked 
potential at the same time point (mean value 100.1%) or at any 
other time point. Recordings were also made from Bl-deficient 
mice and the A-fiber fast component was not different in the 
spinal cords of wild-type and Bl-deficient mice (peak response 
was 0.68 ± 0.09 mV and 0.54 ± 0.05 mV in wild type and Bl 
-/-, respectively, P > 0.2). However, the VRP to C-fiber 
stimulation appeared reduced, but this was not significantly 
different (integrated response was 4.24 ± 0.73 mVS and 2.82 ± 
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Fig. 5. Sensory neuron and spinal cord electrophysiology. Examples are shown of inward currents to a heat ramp (top bar from 24 to 49'C) in an isolated 
nociceptor from a wild-type (A) and 81 receptor-deficient neuron (fl). The proportion of both IB4-po$itive and -negative nociceptors responding to the heat 
stimulus was unchanged in the mutants (O and the mean magnitude of the inward current was also not altered (O). Application of des-Arg^-BK to isolated 
neonatal spinal cord from wild-type mice increased the C-fiber-evoked component of the VRP (f)- The magnitude of the VRP returned to control values 20 min 
after washout of des-Arg'-8K. In B 1 -deficient mice, wind-up was significantly reduced compared with control (G). Examples of VRP wind-up from wild-type ( h/ +) 
and Bl mice are shown in E. Data are means ± SEM and were analyzed by using the ttest. **. P < 0.005; *.P< 0.05 compared with control. 
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0.35 mVS in wild type and Bl -/-, respectively, P = 0.1). The 
Bl receptor might be important for the acute (seconds) activity- 
dependent facilitation of the VRP that probably underlies some 
forms of central sensitization (24). Repetitive electrical stimu- 
lation (500 pA. 500 pts) of the L5 dorsal root at 1 Hz for 20 s 
induces an increase in the size of the VRP. This type of plasticity 
has been termed wind-up. In Bl-deficient mice, wind-up was 
significantly reduced by '=«50% compared with wild-type animals 
(Fig. 5 E and G), confirming that this receptor modifies noci- 
ceptor-induced plasticity of synaptic transmission at the spinal 
level. Thus, the Bl receptor functions as a critical mediator of the 
central sensitization in the spinal cord that follows sustained 
activation of nociceptors. 

Discussion 

Through the generation and physiological characterization of 
Bl-receptor knockout mice, we have shown that the Bl receptor 
is critically required for a number of important physiological 
functions in vivo. These include blood pressure homeostasis, 
inflammation, and nociception. 

In a model of sepsis (LPS injection), the initial hypotensive 
response was severely curtailed in mice lacking the Bl receptor. 
Kinins have been suggested to be mediators of the vasodilatation 
observed in septic s'hock (25-27), and our results indicate that 
the Bl receptor is involved in the pathophysiological mechanism. 
The profound vasodilatation seen after LPS may be elicited by 
nitric oxide (NO), due to Bl receptors in the vasculature 
releasing NO via calcium-mediated activation of the endothelial 
NO synthase (27-29). Because it has been shown that endothelial 
cells release NO immediately after administration of LPS (30), 
endothelial NO synthase activated by kinins via the Bl receptor 
may cause the early hypotensive response to LPS in intact 
animals. In support of this notion, we found significantly reduced 
levels of endothelial NO synthase activity in Bl-deficient mice 
(data not shown). In the later phase of septic shock, inducible 
NO synthase is expressed in the vessel wall and becomes essential 
for the vascular endotoxin effects because animal models lacking 
this enzyme are protected from the vasodilatory and lethal 
effects of LPS (31, 32). For this later phase of hypotension, our 
results suggest a limited importance of Bl receptors, but the high 
variability in the blood pressure measurements 40 min after LPS 
administration precludes a definitive answer. 

There is considerable evidence from pharmacological studies 
that kinins are involved in the recruitment of leukocytes to 
inflamed tissue (1). B2 as well as Bl receptors (5, 10) have been 
implicated in this process, but the mechanisms involved are still 
unclear. In Bl receptor-deficient mice, a drastic reduction in the 
accumulation of PMN at sites of inflammation was observed in 
models of pleurisy (Fig. 3) and peritonitis (data not shown). 
Thus, it appears that the recruitment of PMN to inflamed tissue 
is mediated by kinins mostly via B I receptors. In contrast, plasma 
extravasation and mononuclear cell infiltration are not affected 
by the absence of Bl receptors in the pleurisy model despite the 
fact that these parameters are stimulated by Bl-agonist injection 
into the pleural cavity of normal mice (rcf. 14; this study). 
However, we know from earlier studies (15) that vascular 
permeability changes and mononuclear cell infiltration occur 
mainly in the late phase of carragcenan-induced pleurisy (after 
48 h) that was not analyzed in Bl-deficient mice. Further studies 
will be necessary to elucidate whether the B I receptor is involved 
in this late phase of carragecnan action. It is conceivable that 
some of the effects of Bl receptors in PMN recruitment might 
require the release of neurokinins, calcitonin gcne-rclated pep- 
tide, or NO, because inhibitors of these inflammatory mediators 
can block the effects of kinins in several model systems (5. 14). 

In this study, we liavc shown that the Bl receptor is required 
for normal pain behavior in models of both thermal and chemical 
nociception. Furthermore, by using two electrophysiological 



preparations, we show that the action of Bl receptors in the 
spinal cord underlies, at least in part, the function of this receptor 
in nociception. In resting nociceptive sensory neurons, it has 
been shown that the Bl receptor is expressed but does not 
apparently mediate the depolarizing action of kinins (11). Kinins 
have long been described as powerful regulators of the noxious 
heat sensitivity of nociceptors (33). Because the noxious heat 
sensitivity of two functional classes of isolated nociceptors 
(differentiated by their IB4 binding) (18) was normal, we can 
conclude that the Bl receptor is not required for the develop- 
ment or maintenance of the noxious heat sensitivity. Consistent 
with these results, acute thermal nociception in Bl receptor- 
deficient mice was unaltered. However, in the hot-plate test, 
Bl-receptor knockout animals showed significant analgesia 
compared with wild-type controls. For this reason, we asked 
whether the synaptic connectivity between nociceptive sensory 
neurons and spinal reflex circuits was altered in Bl receptor- 
deficient mice. We used an isolated hemisected spinal cord 
preparation from neonatal mice to record ventral root potentials 
in response to electrical stimulation of primary afferents. The 
behavior of spinal circuits in this neonatal preparation has been 
found to accurately reflect that found in more mature animals 
(34), The VRP has two major components, a short A-fiber- 
mediated monosynaptic component and a much longer lasting 
polysynaptic component that can be blocked in part by AZ-methyl- 
D-aspartate- and neurokinin-receptor antagonists (34, 35). 
The long-lasting VRP is evoked only after stimulation of non- 
myelinated (C-fibers) presumably nociceptive sensory afferent 
fibers. In the present study, we have shown that the size of 
this component is selectively facilitated in the presence of 
des-Arg'-BK, a specific agonist of the Bl receptor. Unlike 
neurokinin-receptor activation (36), des-Arg^-BK did not di- 
rectly depolarize the ventral root when applied in vitro (37). The 
facilitation, which recovered within 20 min after washout of 
des-Arg^-BK, was not observed in isolated spinal cords obtained 
from Bl-receptor knockout mice. Thus, activation of Bl recep- 
tors in spinal cord neurons can produce an increase in spinal cord 
reflex excitability that would directly underlie a proalgesic role 
of this receptor in vivo. This potentiation of reflex excitability is 
similar to, but shorter lasting than, that seen with brain-derived 
neurotrophic factor, which is thought to be released by nocicep- 
tive C-fibers after injury or inflammation (35). Repetitive stim- 
ulation of C-fiber inputs (>1 Hz) can produce an activity- 
dependent increase in reflex excitability that has characteristics 
in common with a phenomenon first described in the spinal cord 
dorsal horn called wind-up (38, 39). We directly measured this 
synaptic plasticity in the spinal cord from Bl receptor-deficient 
mice and demonstrate that the magnitude of C-fiber-evoked 
reflex facilitation is dramatically reduced in the absence of the 
Bl receptor. These data indicate that endogenous Bl receptors 
are essential for the expression of normal central sensitization 
after activation of C-fibers. This is direct evidence for a role for 
central kinin receptors in nociception and .suggests that the 
hypoalgesia seen in Bl-reccptor knockout mice is largely caused 
by a reduced central sensitization in the spinal cord. 

In further behavioral tests, such as capsaicin-induced paw 
ticking, nocifcnsivc behavior was also significantly attenuated in 
Bl-rcceptor knockout mice. In the formalin test, the mice 
exhibited analgesia in both the early (up to 5 min) and late phase 
(15-30 min). Both these algogcns powerfully activate nocicep- 
tors (certainly at frequencies greater than 1 Hz), and it is likely 
that the attenuated behavioral responses are cau.sed by a reduced 
central .sensitization in the spinal cord in the absence of the Bi 
receptor. The functional status of Bl receptors expressed by 
resting sen.sory neurons is at present unclear while functional B2 
receptors are expressed (I I). However, in one of the behavioral 
tests u.sed here, the formalin test, in which the Bl receptor is 
required, mice lacking the B2 receptor do not display hypoal- 



8144 j www.pnas.org 



Pesquero et a/. 



gesia (3, 16). It is possible that Bl receptors located on the 
nociceptor terminals in the spinal cord or on spinal cord 
intemeurons could mediate the central effects of the receptor. 
More studies on the Bl-receptor expression will be needed to 
clarify this issue. 

Bl receptors are markedly up-regulated during inflammation 
by IL'ip and NpKB-de pendent mechanisms (5-9, 40). This study 
shows that B l receptors are of great importance as mediators of 
leukocyte accumulation at sites of tissue injury. Furthermore, we 
demonstrate here that it is probably Bl receptors, expressed in 
the spinal cord, that are required for normal acute nociception. 
Therefore, the phenotype of the Bl-receptor knockout mice 



described here suggests that orally active Bl antagonists may 
have a very favorable therapeutic spectrum exhibiting both 
analgesic and antiinflammatory actions. 
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